are dense actin tufts that are enriched in the Arp2/3 We hypothesize that the actin system autonomously complex, one of the prominent regulators of the actin generates primordia of specialized structures such as system [9]. In this paper we give an overview on the phagocytic cups or lamellipodia. These primordia would diversity and dynamics of actin-based patterns that are represent an activated state of the actin system and detected by TIRF microscopy at the substrate-attached enable cells to respond within seconds to local stimuli surface of migrating Dictyostelium cells. by chemotaxis or phagocytic-cup formation. 
coideum, we first applied TIRF microscopy to cells exa network of filaments beneath the substrate-attached surface of the cells ( Figures 1C and 1D ). Inserted into this pressing GFP-actin, which is known to copolymerize with native actin [10] . Using GFP-actin as a fluorescent network were brightly fluorescent structures of various shapes. At leading edges these structures formed a probe, we observed prominent accumulation at leading edges and in foci at the substrate-attached cell surface zone enriched in actin filaments, and at the substrateattached cell surface they appeared as short-lived foci by TIRF microscopy ( Figure 1A) . However, only occasionally were network structures distinguishable from or propagating waves. The network architecture was seen equally sharply in mutant cells lacking myosin-II small diffuse clusters ( Figure 1B ). It appears that GFPactin does not provide the contrast required for appro-( Figure 1E ), indicating that the action of conventional, double-headed myosin is not essential for the integrity priate imaging of fine filament structures because it does not distinguish polymerized from nonpolymerized actin, of this dynamic actin network. For most of the experiments, we have complemented which makes up about half of the total actin in a cell [11] . Therefore, to obtain sufficient contrast of actin network LimE null cells with LimE-GFP in order to prevent endogenous LimE from competing with binding of the GFPstructures over cytoplasmic background, we combined TIRF microscopy with fluorescent probes that would tagged LimE probe. The degree of LimE-GFP expression varied over a wide range, allowing us to determine that preferentially label the filamentous actin.
We tagged two different types of probes with either the patterns we observed are not artifacts caused by overexpression of the fusion protein. DdLimE contains green or yellow fluorescent protein (GFP or YFP) to visualize actin network dynamics. One consisted of the sinat its C-terminal end a coiled-coil domain that is dispensable for binding to the actin cytoskeleton [15] . This gle actin binding domain of a filamin-like 120 kDa actincrosslinking protein from Dictyostelium (ABD120). This domain has been eliminated in some of our constructs (LimE⌬coil) because the truncated protein revealed a probe was developed by Pang et al. [12] for the visualization of polymerized actin in living cells, and fitting the particularly low cytoplasmic background. By parallel TIRF experiments, we established that the same type X-ray structure of a related domain, the domain 1 of fimbrin, to the helical structure of actin filaments clarified of actin patterns are formed when different LimE probes are used in the following combinations: LimE⌬coil the structural basis of the probe's binding [13] . We derived a second probe from DdLimE, a LIM-domain contagged with GFP at either its N or C terminus in wildtype cells, full-length LimE tagged at its N or C terminus taining protein that is strongly recruited to the actin cortex of Dictyostelium cells [14] .
in wild-type cells, and full-length LimE-GFP or LimE⌬-coil-GFP in LimE null cells. Both YFP-ABD120 and the LimE-GFP probes revealed [16] . TIRF microscopy a uniformly dispersed state. Simultaneously, the entire revealed the presence of interconnected myosin-II filacell became immobile and its membrane formed "pearlments that varied in thickness and shape ( Figure 1H ) ing" extensions as described for transformed mouse and were in continuous reorganization (Movie 1 in the fibroblasts [19] . After the latrunculin A was washed out, Supplemental Data available with this article online). The actin organization and cell motility completely recovered pattern of myosin-II assembly was distinct from the actin within half an hour (see Figure S2 ). network structure; we have never observed GFP-myosin-II to build foci similar to those formed by Arp2/3-Immunogold Localization of Arp2/3 enriched actin assemblies.
and LimE Probes Control cells with GFP alone showed only vesicular To correlate TIRF images with the ultrastructure of and tubular elements of the contractile vacuole system; Arp2/3 assemblies and actin networks, we subjected these elements were recognizable in negative contrast cells expressing either GFP-tagged p41-Arc, a member as nonfluorescent areas against the uniform GFP fluorescence in the cytoplasm ( Figure 1I) .
of the Arp2/3 complex, or LimE⌬coil-GFP to electron In Figure 3A , protruding and retracting regions of the associated with these foci of Arp2/3 enrichment. cell are indicated by arrows and arrowheads, respecLimE⌬coil-GFP as a marker gave an immunogold latively. Protrusive activity occurs usually in a zone not beling pattern distinct from that of GFP-p41-Arc. As more than 1 m in width, wherein the packing density seen in overview ( Figure 2D and Figure S1B ), the labeled of actin filaments reaches a peak of about 5-fold the LimE⌬coil-GFP was distributed throughout the entire average density in the trailing loose network. Protrusion actin network. Vesicles associated with the substratemay also be linked to more discrete clusters of dense actin attached surface of the cells were unlabeled, as was structures ( Figure 3B ). The loose actin network behind the cytoplasmic face of the plasma membrane beneath these clusters is being continually remodeled. Rethe actin network. High-power magnification revealed tracting areas are characterized by the abrupt appearthat the LimE⌬coil label was associated with most of ance of new actin meshes at the base of the retracting the actin filaments and was not restricted to sites of filament branching or crosslinkage (Figures 2E and 2F) . region ( Figure 3A and Movie 2). These meshes may act as transient supports for myosin-II filaments, which generate the force needed for retraction [16] .
Quantification of Actin Dynamics in Ventral Foci
The foci transiently formed at the substrate-attached cell surface proved to be best suited for quantitative studies on actin assembly and Arp2/3 recruitment (Movie 3). For both GFP-tagged actin and Arp3, the temporal changes in fluorescence intensity were characterized by sharp peaks with a full width of 7 to 10 s at half-maximal fluorescence intensity (Figures 4A-4C ). These dynamics imply that the polymerization of actin is abruptly followed by depolymerization and that the accumulation of Arp2/3 complexes is followed by their dispersal. The temporal profiles of both actin and Arp2/3 were slightly asymmetric. The increasing branches could be well fitted by exponential curves, and they were shorter than the decreasing branches, which had a less-defined shape. leading edge. There is, however, a major difference. At
